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MAGNETORESISTIVE TRANSDUCER 
HAVING STRONGER LONGITUDINAL BIAS FIELD 



RarKriROITND of THE INVENTION 

Field of the T nvfint.ion: 

The present invention relates to a magnetoresistive 
transducer in general employed in a magnetic recording medium 
drive or storage device such as a magnetic disk drive and a 
magnetic tape drive. In particular, the invention relates to 
a magnetoresistive transducer including a magnetoresistive 
film extending over the surface of a fundamental layer such as 
a non-magnetic layer spreading over a lower shield layer, and 
a pair of domain control layers extending over the surface of 
the fundamental layer so as to interpose the magnetoresistive 
film along the fundamental layer. 
n P .«;r.rirtinn of the. Prio r Art; 

A well-known magnetoresistive transducer is sometimes 
designed to include a spin valve magnetoresistive (MR) film, 
for example. The spin valve MR film allows the magnetization 
to rotate in a constitutive free ferromagnetic layer in response 
to the reversal of the magnetic polarity applied from the 
outside, as conventionally known. A relative angle defined 
between the rotating magnetization of the free ferromagnetic 
layer and the pinned magnetization established in a pinned 
ferromagnetic layer determines the electric resistance of the 
overall spin valve MR film. The variation in the resistance 
in response to the rotation of the magnetization in the free 
ferromagnetic layer can be utilized to detect the magnetic 
polarity of the applied magnetic field, for example, the 
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magnetic bit data recorded on a magnetic recording medium. In 
this case, the single magnetic domain should be established in 
the free ferromagnetic layer of the spin valve MR film. This 
single magnetic domain of the free ferromagnetic layer is 
expected to greatly contribute to reduction in the Barkhausen 
noise . 

A pair of hard magnetic layers magnetized in a so-called 
longitudinal direction are in general employed to establish the 
single magnetic domain in the free ferromagnetic layer. The 
hard magnetic layers interposing the spin valve MR film are 
supposed to establish the longitudinal bias field acting 
through the spin valve MR film. The longitudinal bias field 
is thus expected to greatly contribute to establishment of the 
single domain in the free ferromagnetic layer. However, the 
Barkhausen noise in fact cannot sufficiently be reduced in the 
magnetoresistive transducer irrespective of employment of the 
domain control hard magnetic layers. 

SUMMARY OF THE INVENTION 

It is accordingly an object of the present invention to 
provide a magnetoresistive transducer capable of reliably 
reducing the Barkhausen noise. 

The inventors have examined the property of the existing 
magnetoresistive transducers in detail. The examination of 
the inventors has revealed that the magnetic poles are 
inevitably generated on an upper shield layer opposed to a 
magnetoresistive film in the existing magnetoresistive 
transducers. The residual magnetization established in the 
upper shield layer during the magnetizing process for 
establishing domain control hard magnetic layers is supposed 
to generate the magnetic poles. It has been confirmed that the 
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magnetic poles generate a magnetic field reducing the 
longitudinal bias field established between the domain control 

hard magnetic layers. 

According to a first aspect of the present invention, 
there is provided a magnetoresistive transducer comprising: a 
magnetoresistive film extending over the surface of a 
fundamental layer; a pair of domain control layers extending 
over the surface of the fundamental layer so as to interpose 
the magnetoresistive film along the fundamental layer; and an 
upper shield layer opposed to the magnetoresistive film at a 
first interface extending over a datum plane, said upper shield 
layer opposed to the domain control layers at a second interface 
extending over the datum plane. 

in general . when the domain control layers are magnetized . 
the upper shield layer is simultaneously subjected to an applied 
magnetic field for the magnetization of the domain control 
layers. The upper shield layer made from a soft magnetic 
material is supposed to exhibit a residual magnetization in the 
direction of the magnetization established in the domain 
control layers after subjected to the applied magnetic field 
for the magnetization of the domain control layers. If the 
residual magnetization is forced to terminate at any end surface 
of the upper shield layer, magnetic poles or charges are 
established at the end surface, namely, the end of the 
magnetization, as well known. 

Since the first and second interfaces of the upper shield 
layer are set to extend along the flat single datum plane in 
the aforementioned magnetoresistive transducer, the residual 
magnetization can be kept continuous to the utmost, and is 
hardly terminated on the lower surface of the upper shield layer 
at a region opposed to the magnetoresistive film. Any magnetic 
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poles are hardly generated along the lower surface of the upper 
shield layer . The longitudinal bias field can be prevented from 
receiving the interaction of the residual magnetization in the 
upper shield layer. Reduction in the longitudinal bias field 
can thus be suppressed. In particular, if the first and second 
interfaces are made continuous without any gap or interval over 
the datum plane . generation of the magnetic poles can completely 
be avoided on the lower surface of the upper shield layer. The 
fundamental layer may in general be a lower non-magnetic gap 
layer spreading over the surface of a lower shield layer. 

However, a groove may be formed on the upper shield layer 
so as to isolate the first and second interfaces from each other 
in the aforementioned magnetoresistive transducer. Even if 
the residual magnetization discontinues at the grooves, for 
example, the north and south poles are inevitably generated in 
pairs in the individual groove. The north and south poles in 
the individual groove are allowed to interact with each other, 
so that the north and south poles at the tip ends of the domain 
control layers cannot be influenced by the north and south poles 
in the grooves, respectively. Still, the longitudinal bias 
field can be avoided from reduction. 

The magnetoresistive transducer preferably includes a 
lead layer made of an Au thin film interposed between the domain 
control layer and the upper shield layer. Employment of a 
m aterial having a higher electric conductivity, such as Au. is 
expected to contribute to establishment of a thinner lead layer. 
The overall thickness of the stacked combination of the lead 
layer and the domain control layer may thus be set approximately 
equal to the thickness of the magnetoresistive film. The second 
interface opposed to the lead layer stacked on the domain 
control layer can be set to reliably extend over the datum plane 
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including the first interface opposed to the magnetoresistive 
film. 

The magnetoresistive transducer may further comprise an 
upper non-magnetic gap layer interposed between the 
magnetoresistive film and the upper shield layer . In this case . 
the upper shield layer is allowed to contact the upper non- 
magnetic gap layer at the first interface. In addition, the 
upper non-magnetic gap layer may extend over the lead layer, 
in this case, the upper shield layer is allowed to contact the 
upper non-magnetic gap layer at the second interface. 

According to a second aspect of the present invention, 
there is provided a magnetoresistive transducer comprising: a 
magnetoresistive film extending over the surface of a 
fundamental layer; a pair of domain control layers extending 
over the surface of the fundamental layer so as to interpose 
the magnetoresistive film along the fundamental layer; an upper 
shield layer opposed to the fundamental layer at a lower 
interface so as to hold at least the magnetoresistive film 
against the fundamental layer; and a raised portion formed on 
the upper shield layer so as to swell from the lower interface 
toward the fundamental layer, wherein the product between the 
height of the raised portion and the magnetization intensity 
of the upper shield layer is set smaller than the product between 
the thickness and the magnetization intensity of the domain 

control layer. 

The product between the height of the raised portion and 
the magnetization intensity of the upper shield layer 
corresponds to the intensity of the magnetic pole established 
in the upper shield layer. On the other hand, the product 
between the thickness and the magnetization intensity of the 
domain control layer likewise corresponds to the intensity of 
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the magnetic pole established in the »i» control layer for 
inking the longitudinal bias field, -en the product between 
the height of the raised portion and the magnetization intensity 
of the upper shield layer is set smaller than the product between 
the thickness and the magnetization intensity of the domain 
control layer, the magnetic poles generated on the domain 
control layer are hardly allowed to receive the influence of 
the magnetic poles generated on the upper shield layer, namely 
the raised portion. Reduction in the longitudinal hlas field 
can thus sufficiently he avoided. Here, the magnetization 
intensity can he represented hy the intensity of the residual 
magnetization, the saturation magnetization, or the like 

m this case, the magnetoresistive transducer preferably 
includes a lead layer made of an Au thin film interposed between 
the domain control layer and the upper shield layer . Kmployment 
of a material having a higher electric conductivity, such as 
R u is expected to contribute to establishment of a thinner lead 
layer The overall thickness of the stacked combination of the 
lead layer and the domain control layer can be reduced to the 
utmos t. When the upper shield layer is formed to extend over 
th e lead layer of this type and the magnetoresistive film, it 
is possible to reliably reduce the height of the raised portion 
on the upper shield layer. An upper non-magnetic gap layer of 
. uniform thickness may be interposed between the lead layer 
ana the upper shield layer as well as between the 
magnetoresistive film and the upper shield layer . In general . 
th e fundamental layer may be a lower non-magnetic gap layer 
spreading over the surface of a lower shield layer. 

according to a third aspect of the present Invention, 
there is provided a magnetoresistive transducer comprising: a 
magnetoresistive film, a pair of domain control layers 




interposing the magnetoresistive fiXm. said "ntrol 
iayers magnetized in a normal longitudinal direction across the 
magnetoresistive f lXm ; ana an upper shieXd layer covering over 
at least the magnetoresistive film, said upper shieXd Xayer 
magnetized in the reverse XongitudinaX direction opposite to 
the normaX Xongitudinal direction. 

I» general, it is impossibXe to avoid generation of a 
raised portion sweXXing fro. the Xower surface of the upper 
shieXd xayer toward the magnetoresistive fix™ unXess the 
thickness of the do m ain controX Xayer or a Xead Xayer. stacKed 
on the domain controX Xayer. can signif icantXy he reduced. The 
magnetisation of the upper shieXd Xayer tends to 
any side end surface of the raised portion. This «„s that 
the magnetic poXes tend to appear at the end surface of the raised 
portion. When the magnetization can he estabXished in the 
reverse direction in the upper shieXd Xayer in the 
aforementioned manner, the magnetic poxes generated at the end 
surface of the raised portion is easiXy aXXowed to have a 
poxarity identicaX to the magnetic poXe generated at the tip 
end of the nearest domain controX Xayer. Diffusion of the 
magnetic fXux from the domain controX Xayer into the raised 
portion can thus he suppressed. The magnetic fXux may rather 
b6 introduced from the raised portion into the domain controX 
laY er The intensity of the magnetic poXe generated at the tip 
end of the domain controX layer can stiXX he enhanced. The 
longitudinal bias field can he enhanced, too. 

mnnr rr°iT T -' ,T " M " F T " B PRA™^ 

The above and other objects, features and advantages of 
the present invention will become apparent from the following 
ascription of the preferred embodiments in conjunction with 
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the accompanying drawings, wherein: 

Fig. 1 is a plan view schematically illustrating the 
structure of a hard disk drive (HDD); 

Fig- 2 is an enlarged perspective view schematically 
illustrating the structure of a flying head slider according 

to a specific example; 

Fig. 3 is an enlarged front view of the flying head slider 
for illustrating a read/write electromagnetic transducer 
observed at the bottom surface; 

Fig. 4 is an enlarged partial sectional view of the flying 
head slider for schematically illustrating the structure of a 
spin valve film according to a specific example; 

Fig. 5 is an enlarged partial front view of the read/write 
electromagnetic transducer for illustrating thejtruoture of 
amagnetoresistive (MR) element according to a^rst|embodiment 
of the present invention; 

Fig. 6A illustrates a profile for the line of induction 
in the MR element of the first embodiment; / 

Fig. 6B illustrates a profile for the magnitude of the 
magnetic field in the MR element of the first embodiment; 

Fig. 7 is an enlarged partial front view of the read/write 
electromagnetic transducer for illustrating the structure of 
a conventional MR element; 

~" FigT~8A illustrates a profile for the line of induction 

in the conventional MR element; 

Fig. 8B illustrates a profile for the magnitude of the 
magnetic field in the conventional MR element; 

Fig. 9 is an enlarged partial front view of the rear /write 
electromagnetic transducer for illustrating the structure^ 
a magnetoresistive (MR) element according to a IsecondJ 
embodiment of the present invention; 
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^-1^ + nr the line of induction 
Fig . ioa illustrates a prof He for the n 

in the MR element of the second embodiment; 

Fig . 10B illustrates a profile for the magnxtude of 

4- r\-F -hh^ second embodiment; 
magnetic £1-1* ^ th. MR element of the 

Flg u 1. an enlarged/partial front view of the 
reB/ » rlt e electromagnetlc/nsducer for Illustrating the 

«i/nve (MR) element according to a 
structure of a magnetores/stive (MR) 

second embodiment of th/ present Invention, 

Fig 12 Is an Enlarged partial front vrew of the 
read/write electromagnetic transducer for Illustrating the 
pro cess of magnetizing tne domain control stripe layers in the 

^4- r^-F the IthTrd] embodiment; 
MR element of tne t^i^j^ 

Flg 13 Is an enlarged partial front view of tne 
r ead/wrlte electromagnetic transducer for Illustrating the 
/Jess of magnetic the upper shield layer In the MR element 

of the third embodiment; lnduotl on 
Fig . 14R Illustrates a profile for the line 

+- ^-f third embodiment; and 

-in the MR element of tne -cri-L-uu. 

Flg 1,3 Illustrates a profile for the magnitude of the 
magnetic field In the MR element of the third embodiment. 

Flg x schematically Illustrates the Interior structure 
of a hard dlsK drive (HDD) 11 as an example of a magnetic 

box-shaped primary enclosure 1, defining an Inner space 
a flat parallelepiped, for example. » least one magne 
wording dlsK 13 Is accommodated In the Inner space wrthrn the 
Imary enclosure 1, The magnetic recording dlsK 13 Is mounted 

14 ls allowed to drive the magnetic recording drsK 13 
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. ». — — ~ » . „„„„ 

,„„„ 12 for swinging movement about a 
the primary enclosure ^ ^ sulnglng 

v^-fi- is The carrxage id 
support shaft lb. „ ire ctxon from the vertical 

it, +Yxe> horizontal dxrectxon 

arro „ — ^ heaa suspension „ fixed to 

support shaft 15 . a f £rom 

,„ ,„ ... „. r - = » _ , ,„„, „... 

z::z z - - - T:r::.r::;. 

v- The head suspension l» seiv 

g imbal spring, not shown ■ ^ 

^ ^ oiirter 19 toward the suna 
the flying head slxder recordi ng disk 13 rotates . 

a ■ oir i ^ When the magnetic recoru 
recording disk 13. vme receive airflow 

the flying ~- slider » « "^^^ 13 . T he 

aerate, along the ^ ^ ~ ^ head slider 1, 
alrfl o„ ai _ a ^ kesp flying above 

The flying head slider rota tion 
the surface of the magnetic — ^ ^ ^ 
o£ the magnetic recording 
established by the balance between the 

of th e head suspension IB. ^ ^ 

When the carriage 16 is dr g 

• „ fliaht of the flying head slider iv. 
sha£t 15 during f Irght ^ ^ aeflned 

h ead slider 1, is allowed to oros ^ ^ 

on the magnetic ~»^* radlal „nt serves 

the magnetic recording dis* 13. t ^ 

, h . flying head slider 19 right 
to position the f lying „„ 1Bk l3 In this case. 

an electromagnetic actuator 21 such 
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can he employe^ real.e the swinging movement 

two or more magnetic record dxsKs 13 are n P 
the inner space of the primary enclosure 12 . a paxr 
ll pensions IB are — on a single c-o,^ - 
17 be tween the ^e. magnetic recor dx^i- 1. 
Fig . 2 illustrates a specific example of the fly 

v, a slider 19 of this type includes a 
eiider 19. The flying head slider xy 

al o TiC in the form of a flat 
slider body 22 made from Al 2 0 3 -TxC xn 

. H«n laver 24 formed to spread 
1 1 ol onioed and a head protectxon layer 

" r h Tit n 9 or downstream end of the slider hody 

he ad protectxon layer 4 my ^ ^ ^ 

electromagnetic transducer 23 • 

i»™»r 24 A medium- opposed surface 
protectxon layer 24. 

is defined continuously over the slxder d y 
surface 25 xs defx ^ ^ 

the head protection layer 24 so as to face th 

„- Q v 13 at a distance. The bottom surface 

:r.::rrr^ ...... - — - - — 

* th, rotating magnetic recording disk 13. 

/air of rails - are formed to extend o,, the — 
sut£ ace 5 from the leading or upstream en, toward the trai ing 
surface i designed to define 

ot downstream end. The individual rail 27 a.. 9 
an air .earing surface (ABB, 2B at its top surface^ 

„* »irflow 26 generates the aforementioned lift 
particular . the airflow reaa/ „ r ite 
at the respective air bearing surfaces 28. 

*,™r 23 embedded in the head protection 
electromagnetic transducer ^ 

la yer 24 is exposed at the air bearing surface 

k ,, al ider 19 may take any shape 
later in detail. The flying head slider 19 

or form other than the above-described one. 

Flg 3 illustrates an enlarged detailed view of the 
readme electromagnetic transducer 23 exposed at the bottom 
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surface ». ™e read/write electromagnetic transducer 23 
includes a cognation of a magnetoresistive element 31 

a=co* 5 to a first emhodiment of t h e present invention and 
an inductive write element or a tMn film magnetic head 32 . 
MR element 31 is designed to read a magnetic .it data hy utilizing 
variation in the electric resistance in response to a reversal 
of the magnetic polarity in a magnetic field ^ 
m agnetic recording disK 13. The thin film magnetic head 32 is 
designed to write a magnetic hit data hy utilizing a magnet.c 
£i eld induced in a conductive swirly coil pattern, not shown. 

for example. -,™ IOT - 
_ _ oi is interposed between upper and lower 
The MR element Ji is ■ luloj - h 

i^ts 33 34. The non-magnetic gap layers 
non-magnetic gap layers 33, 

at n for example. The upper and lower 
33 34 may be made from A1 2 0 3 . for examp 

^ 34 thus interposing the MR element 
non-magnetic gap layers 33, 34 thus P 

31 is in turn interposed between upper and lower shreld layers 
35 36 The upper and lower shield layers 35. 36 may be made 
fr om FeN , Ni F e, or the li*.. The lower shield layer 36 is 
alloW ed to spread over the surface of an Al 2 0 3 (alumina) layer 
not shown, for providing an undercoat or a lower half of 
aforementioned head protection layer 24. 

The thin film magnetic head 32 includes a non-magnetic 
gap layer 38 extending on the surface of the upper shield layer 

1 aver 38 may be made from A1 2 0 3 , for 
35 The non-magnetic gap layer so m«ay 

i aver 39 is opposed to the upper 
example. An upper magnetic pole layer 39 i PP 

S hield layer 35. ~ non-magnetic gap layer 38 

interposed between the upper magnetic pole layer 39 and the 

upper shield layer 35. The upper magnetic pole layer 39 may 

be made from NiFe, for example. The upper magnetic pole layer 

a with an A10 3 (alumina) layer 40 spreading over 

39 is covered with an ax 2 w 3 \^ 

. . „ _„ i aver 38 . The alumina layer 
the surface of the non-magnetxc gap layer 
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4 „ is aesigneaTo hoia the « element 31 ana the thin fil- 
magnetic heaa 3 2 against the af orementione* alumina layer 
Specifically, the alumna layer 40 function, as an overcoat r 
an upp er h alf of the afore^entionea heaa protection layer 4^ 
, combination of the upper magnetic pole layer 39 ana the 
upP er shieia layer 35 estahlishes a agnatic core of the thin 
£ i im magnetic heaa 32. Namely, the upper shieia layer 35 of 

, n functions as a lower magnetic pole layer of 
the MR element 31 tunctioua 

v. * « When a magnetic field is induced 
the thin film magnetic head 32. When a mag 

at the conductive swirly coil pattern, a magnetic flux x. 
exchanged between the upper magnetic pole layer 3, and the upper 
shield layer 35. The non-magnetic gap layer 3S allows be 

loaic out of the bottom surface 25. 
exchanged magnetic flux to leak out o 

+ -Flux forms a magnetic field for 
The thus leaked magnetic flux forms 

recordation, namely, a write gap magnetic field. 

The MR element 31 includes a magnetoresistive (MR) f xl» 
or a spin valve film 41 extending over the lower non-magneto 
gap layer 34 serving as a fundamental layer. A pair of end 

pla nes intersecting the planar surface of the lower non 
mag netic gap layer 34. The end surfaces 41a. 41. or planes are 
designed to intersect the surface of the lower non-magnetic gap 
la yer 34 by an inclined angle 6. respectively. 

L ikewise. a pair of hard magnetic stripe layers, namely. 

the lower non-magnetic gap or fundamental layer 34 so as 
in terpose the spin valve film 41 along the lower non-magnetic 
gaP layer 34 . The domain control stripe layers 42 are designed 

.v, .nrface of the lower non-magnetic gap layer 
to extend on the surface or xh 

The tic ends of the respective 
34 along the bottom surface 25 . The tip en 

, ■ o i avers 42 are connected to the end 
domain control stripe layers 
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surfaces 41a. 41b of the spin valve film 41 . The domain control 
stripe layers 42 may be made from a metallic material such as 
CoPt. CoCrPt, or the like. 

A pair o£ conductive terrains! or lead layers 43 are formed 
to spread over the surfaces of the domain control stripe layers 
42 respectively. The lead layers 43 are interposed between 
the domain control stripe layers 42 and the upper shield layer 
35 A sensing current can he supplied to the spin valve film 
41 through the lead layers 43. In this case, it is preferable 
to from the lead layers 43 with a material having a higher 
electric conductivity, such as Au or the like. 

As shown in Fig. 4. the spin/^lve film 41 includes a 
basement layer 44 extending o,/ the surface of the lower 
non-magnetic gap layer 34. Tf/basement layer 44 may be made 
of a layered material inclu/ng a Ta layer 44a and an NiFe layer 
44b formed to extend ov/ the surface of the Ta layer 44a. A 
free ferromagnetic Ur 45 is formed to extend on the surface 
of the basement layer 44 . The free ferromagnetic layer 45 may 
be made from a/irromagnetic material such as Co, 0 Fe lo or the 

like. A nonX- tio s *> aCer ^ " ±S " ^ 

the surf ac/ of the free ferromagnetic layer 45. The non- 
magneti/spacer layer 46 may be made from an electrically 
condu/ive material such as Cu or the like, for example. 

'a pinned ferromagnetic layer 47 is formed to extend over 
the surface of the non-magnetic spacer layer 46. The pinned 
ferromagnetic layer 47 may be made from a ferromagnetic material 
such as Co,„Fe I0 or the like. An antif erromagnetic layer 48 as 
a pinning layer is superposed on the surface of the pinned 
ferromagnetic layer 47 . The antif erromagnetic layer 48 may be 
made from an antif erromagnetic material such as Fe«n. PdPtMn. 
or the like, for example. A strong exchange coupling can thus 
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be established between the antif erromagnetic layer 48 and the 
plnnea ferromagnetic layer 47. Specifically. the 

antiferromagnetic layer 48 serves to pin or fix the 
magnetisation of the pinned ferromagnetic layer 47 in a specific 
direction. The surface of the antif erromagnetic layer 48 may 

.u 4.-: ^ -i , wr 49 The protection layer 
be covered with a protection layer 49 . v 

i„ a cu layer 49a and a cap Ta layer 49b formed 

49 may comprise a cu layei *±^o. 

to extend over the surface of the Cu layer 49a. 

When the MR element 31 is opposed to the surface of the 
magnetic recording disK 13 for reading a magnetic information 
aata. the magnetization of the free ferromagnetic layer 45 is 
allowed to rotate in the spin valve film 41 in response to the 
reversal of the magnetic polarity applied from the magnetic 
recording disK 13. as conventionally Known. The rotation of 
the magnetization in the free ferromagnetic layer 45 Induces 
variation in the electric resistance of the spin valve film 41 . 
When a sensing current is supplied to the spin valve film 41 
trough the lead layers 43. a variation in voltage appears in 
the sensing current . for example . The variation in voltage can 
be utill-d to detect a magnetic bit data recorded on the 

magnetic recording disk 13. 

A s is apparent from Fig. 5. the thicKness tX of the spin 
valve film 41 is set equal to the overall thicKness t2 of the 
domain control stripe layer 42 and the lead layer 43. 
A ccordingly. the upper shield layer 35 is allowed to define a 
fi rst planar boundary or interface 52 opposed to the upper 
surface of the spin valve film 41 and second planar boundaries 
or interfaces 53 opposed to the surfaces of the domain control 
stripe layers 42. respectively. The first and second 
interfaces 52. 53 are designed to extend within a common single 
datum plane 51 vertical to the bottom surface 25 . In this case. 
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grooves 54 may be formed on the upper shield layer 35 between 
the first and second interfaces 52. 53. respectively, so as to 
extend in a direction perpendicular to tne bottom surface 25^ 
T he grooves 54 are designed to isolate or space tne first and 
second interfaces 52. 53 fro, eac h other. A. generally Known 
t ne domain control stripe layers 42 and the lead layers 
stacKed one another on the end surfaces 41a. 41b of tne spin 
valve film 4! tend to for™ swells 55. respectively, during tbe 
process of maKing tbe MR element 31. Tne swells 55 inevitably 
serve to define tbe grooves 54 on tbe upper sbield layer 35. 
Tbe upper non-magnetic gap layer 33 having a constant uniform 
thickness is interposed not only between tbe first interface 
52 of tbe upper sbield layer 35 and tbe surface of tbe spin valve 
fll m 41 but also between tbe second interfaces 53 and tbe 
surfaces of tbe domain control stripe layers 4/. Tbe upper 
sbield layer 35 is tbus allowed to contact tbe upper non- 
magnetic gap layer 33 at tbe first and second interfaces 52. 
53, respectively. 

4- i etHnP lavers 42 incorporated in the 
The domain control stripe layers 

MR element 31 are set to exhibit tbe magnetization m In . 
10 ngitudinal direction running across tbe spin valve film 
al ong tbe bottom surface 25 . Tbe magnetization m of tbe domain 
control stripe layers 42 is expected to establisb a longitudinal 
Mas field M running from tbe nortb pole generated at tbe trp 
end of tbe domain control stripe layer 42 at tbe upstream of 
the magnetization m to tbe soutb pole generated at tbe tip end 

. 4- ^ i^^-r 42 at the downstream of the 
of the domain control stripe layer 42 at t 

mag netization Ms, as shown in Pig. 5. for example. The 
.ongitudlnal bias fields greatly contributes to establishment 
of the single magnetic domain in tbe free ferromagnetic layer 
45 The establishment of the single magnetic domain in the free 
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• . r 45 m this manner serves to reduce the 

ferromagnetic layer 45 in tnis 

Barren noise in the aetectea signal output from the MH 
element 3, - magnetic hit -a can reiiahly - — out 
of the magnetic recoraing ais* 13 without an error. 

In general, when the aomain control stripe layers « 

„■ i* i.,.r 35 Is simultaneously 
magnetizea. the upper sh.eia layer T1Mtion 
sut3 ectea to an appliea magnetic fieia «« the magnetiz tron 
o£ th e aomain control stripe layers « . The upper shieia layer 
35 maae » a soft magnetic materials supposea to e*hi 

, n direction ot tne 

a resiaual magnetization Mr rn the 

magne tizatio„ „ estahlishea in the aomain - ~* ~£ 
lay ers « after suh,ectea to the appliea magnetic f r a the 

re siaual magnetization Mr is forcea to terminate at any ena 

v . laver 35. magnetic poles are 

surface of the upper shield layer 

established at the end surface, namely, the 
magnetization Mr. as well known. 

Since the lower surface of the upper shield layer 35 is 

n ont3 l the residual magnetization Mr can 
aforementioned MR element 31 . the res 

4. =,r^ -i <3 hardly terminated on 
be kept continuous to the utmost, ana « haraly 

^ - .1 a i ,,sr 35 at a region opposea 
the lower surface of the upper shreia layer 35 a 

to the spin valve film «. Any magnetic poles are hara ly 

he longituatnal hias f ieia « can he preventea from receive 
h interaction of the resiaual magnetization « in the u ~ 
shieia layer 35. Keauctlon in the longituainal hias fieia « 
a thus he suppressea. Sven if the resiaual magnetization ^ 
I continues at the grooves M. fore X a ro ple. the north ana south 
i s are inevitably generatea in pairs in the inaiviaual groov 
„ noles in the individual groove 54 are 

54. The north and south poles in 
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allowed to intTact with each other, so that the north and south 
poles at the tip ends of the domain controi stripe layers 42 
cannot he influenced by the north and south poles in the grooves 
54. respectively, still, the longitudinal bias field as can 

be avoided from reduction. 

The inventors have examined profiles for the lines of 
induction and the magnitude of the magnetic field in the «R 
element 31 . The inventors utilized a planar or two-dimensional 
finite element method based on a magnetization model . Exchange 
coupling field was taken into account in calculation of the 
two-dimensional finite element method. As shown in Fig. 6A. 
even when the residual magnetization Hr was generated in the 
upper and lower shield layers 35. 36. the domain control stripe 
laye r 42 was surely allowed to establish a uniform magnetization 
m oirected to the tip end contacting the end surface 41a (41b, 
of the spin valve film 41. In addition, a pair of north and 

allowed to interact with each other, so that the magnetic pole 
at the tip end of the domain control stripe layer 42 hardly 
received the influence from the opposite magnetic pole in the 
g roove 54 . The domain control stripe layer 42 was thus allowed 
to generate a stronger magnetic field directed toward the spin 
valve film 41. as shown in Fig. 6B. for example. 

To the contrary, the overall thickness 12 of a domain 
control stripe layer 102 and a lead layer 103 is in general set 
significantly larger than the thickness tl of a spin valve film 
104 in a conventional MR element 101. as shown in Fig. V, for 
example. » non-magnetic gap layer 105 of a uniform thickness 

film 104 in this situation. Larger steps 109 are thus defined 
on an upper shield layer 106 between a first planar Interface 
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4= ^ of the spin valve film 104 . and second 
107 opposed to the surf ace of the spx 

p i a nar interfaces .OS. oppose to the — spaces o 
the lead layers 103. so as to extend in a direction vertica 
t . the hottom surface „. X resi.ua! magnetisation « o he 

in* resulting from a magnetic field for 
upper shield layer 106. result! 

magnetization of the domain control stripe layers 

generated at the steps 10, on the upper shield layer ^ 
espectively. The generated magnetic poles 110 are expected 
to exert a stronger influence on the magnetic poles at the tip 
ends of the respective domain control stripe layers 102. 

The mventors have examined profiles for the lines of 
auction and the magnitude of the magnetic field in the 
conventional MR element 101 in the s« manner as descrihed 
abov e. *s Shown in rig. ». »-n the residual magnetisation 
^ „ a s generated in the upper and lower shield layers 3 3^ 
the magnetic poles no. opposite to the magnetic poles the 

Bt rir.e layer 42. surely appeared 
corresponding domain control stripe lay 

. , i„, h . conventional MR element 
at the steps 109. respectively, in the conve 

101 Magnetic fields were thus induced hetween the magnetic 
poles 110 and the corresponding domain control stripe layers 

10 2 The magnetic flux from the domain control stripe layers 

£ rom Fig. SB. the conventional MR element 101 only enahled 
aeration of a weaKer magnetic field at the tip end of the 
control stripe layer 102. The conventional MR element 11 is 
supposed to estahlish an insufficient longitudinal hias field 
M hetween the opposed domain control stripe layers 102 

A conventional method may he employed to maKe the 
afo rementioned MR element 31. Specifically, the lower non- 
magnetic gap layer 34 . the spin valve film 41 . the domain control 
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^v, lavprs 43 are sequentially formed 

stripe layers 42 and the lead layers 4 J are 

on the lower shield layer 36. After the formation of the lead 
layers 43. the upper non-magnetic gap layer 33 ana the upper 
shield layer 35 are formed. However, the domain control stripe 
laY ers 42 and the lead layers 43 are forced to have the thickness 
smaller than that of the conventional ones so as to set the 
overall thicKness t2 of the domain control layer 42 and the lead 
layer 43 at the level eoual to the thickness of the spin valve 
fllm 41 . A material of a higher electric conductivity, such 
as Au. may he employed to realize the thinner lead layers 43. 
tor example. Otherwise, the thickness of the basement layer 
44 of the spin valve film 41 may be set larger than that of the 
oonventional one. When the thicker basement layer 44 is 
employed in this manner, the thicKness of the lower non-magnetic 
gap layer 34 is preferably set smaller than that of the 
oonventional one. The lower non-magnetic gap layer 34 of the 
smaller thickness serves to absorb the Increase in the thicKness 
o£ the basement layer 44 so as to cancel the increase in the 
shield gap or read gap in the MR element 31 . It is thus possible 
to prevent deterioration in the linear recording density. 

Flg 9 illustrates the magnetoreslstive (MR) element 31a 
according to a second embodiment of the present invention. [ The 
MR element 31a of this type is designed to include a raised 
portion 5, formed on the upper shield layer 35 at a lo^ 
interface 35a opposed to the lower shield layer 36 . The raised 
^T^TTT allowed to swell from the lower interface 35a 
toward the magnetoreslstive film or spin valve film 41 . A first 
planar boundary or interface 59 is defined on the top or lowest 
surface of the raised portion 57. The raised portion 57 rs 
opposed to the spin valve film 41 at the first interface 59. 
Th e first interface 59 is designed to extend over a first datum 
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plan e 58 vertical to the bottom surface 25. A second planar 
houndary or interface 61 Is defined on the upper shield layer 
35 at the foot of the raised portion 57 . The upper shield layer 

_»,„i «f T-tue layers 42 at the second 
35 is opposed to the domain control stripe lay 

interfaces 61 . The second interfaces 61 are designed to extend 

OV er a second datum plane 60 likewise vertical to the bottom 

surface 25. The distance between the first and second datum 

pianos 5S . 60 is equivalent to the height of the raised portion 

57. namely, the step defined between the first and second 

interfaces 59. 61. In particular . the intensity of the magnetic 

t - . >, I, set smaller than that in the 
pole in the raised portion 57 is set sma 

domain control stripe layers 42 . The intensity of the magnetic 
pol e in the raised portion 57 can he expressed by the product 
betw een the height * of the raised portion 57 and the 
magnetization intensity of the upper shield layer 35. namely. 
th e magnitude of the residual magnetization Mr in the upper 
shield layer 35. On the other hand, the intensity of the 
magnetic pole in the domain control stripe layers 42 can he 
expressed hy the product between the thicKness and the 
magnetization intensity of the domain control stripe layers 42. 
namely, the magnitude of the residual magnetization m in the 
domain control stripe layers 42. Specifically, the inequality 
^X™. should be established in the MR element 31a. 
tUM reference numerals are attached to the structures or 
components identical or equivalent to those of the 
aforementioned first embodiment. 

Th e inventors have examined profiles for the lines of 
induction and the magnitude of the magnetic field in the MR 
element 31a in the aforementioned manner. As shown in Fig. IDA. 
the magnetic fields induced between the magnetic poles on the 
raised portion 57 or the steps and the domain control stripe 
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layers 42 can be reduced as compared with the conventional MR 
element 101. As shown in Fig. 10B. a relatively stronger 
magnetic field can be obtained at the tip ends of the domain 
control stripe layers 42, respectively, in the MR element 31a 
as compared with the conventional MR element 101. Reduction 
in the longitudinal bias field BS can thus relatively be 
suppressed in the MR element 31a. 

Fig. 11 illustrates the magnetoresistive (MR) element 31b 
according to a third embodiment of the present invention. The 
upper shield layer 35 in this MR element 31b is designed to have 
the residual magnetization Mjz in the reverse longitudinal 
direction opposite to the normal longitudinal direction of the 
magnetization Ma in the domain control stripe layers 42. A 
method of making the MR element 31b of this type may include 
subjecting the entire MR element 31b to a magnetic field 62 of 
a first intensity for magnetizing the domain control stripe 
layers 42 in a normal direction, as shown in Fig . 12, for example. 
The entire MR element 31b is thereafter subjected to a magnetic 
field 63 of a second intensity, smaller or weaker than the first 
intensity, for magnetizing the upper shield layer 35 in the 
reverse direction opposite to the normal direction, as shown 
in Fig. 13. in this case, the first intensity of the magnetic 
field 6 2 may be set depending upon the coercive force Z£c of the 
domain control stripe layers 42. which is equal to approximately 
80kA/m. for example . The second intensity of the magnetic field 
63 may be set depending upon the coercive force ifc of the upper 
shield layer 35. which is equal to approximately 40A/m, for 
example . The intensity of the magnetic field 63 is only allowed 
to exhibit the intensity enough to magnetize the upper shield 
layer 35 without reducing the magnetization m established in 
the domain control stripe layers 42. Note that like reference 
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numerals are attached to the structures or components identical 
or equivalent to those of the aforementioned first and second 
embodiments . 

The inventors have examined profiles for the lines of 
induction and the magnitude of the magnetic field in this MR 
element 31b in the aforementioned manner . As shown in Fig. 14A, 
the magnetic flux resulting from the magnetic poles on the 
raised portion 57 or the steps is allowed to reinforce the 
magnetization Mg. in the domain control stripe layers 42. A 
remarkably larger magnetic field can be generated at the tip 
ends of the domain control stripe layers 42 in the MR element 
31b, as is apparent from Fig. 14B. The longitudinal bias field 
BS can still be enhanced between the domain control stripe 
layers 42. 
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